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Examples of Uses of Databases for
Quantitative and Qualitative Correlation
Studies between Genotoxicity and
Carcinogenicity
by S. Parodi,* D. Malacarne,t and M. Taningher*

In this paper wegive soexamplesofusing Of n i acarcimno city fr fitati and q idtive
cormlation studies between short-term tests andrciogenicity. The quality ofthe datbases is obviouy important, but
one of the major deficiencies of present databases is that they are too small. Using relatively small, different databases,
different results can beobned. With small d s itisdifcultto pte data forhomogeneous chemical classes
or other types of subsets. Using the databases ofGold (cacnogenicity) and Wigler (genotoxcity), we have investigated
the carcinogenic potency of genotoxic and nongenotoxic carcinogens for different chemical classes.

Introduction
Databases of genotoxicity and carcinogenicity can be used

for gathering information about a specific chemical. In this
case the data are used for a first-level risk analysis. The con-

clusions are less detailed and accurate than reading all the
papers relevant to our analysis, but, it will be possible to reach
an opinion in a much shorter time because the information
contained in the databases is predigested. For this type of pur-
pose, there are several requirements of the database: a) all
useful data are easily accessible; b) the available database is
as large and comprehensive as possible; and c) compilation
and classification in the database is sufficiently detailed and
accurate.

Databases of genotoxicity and carcinogenicity can be used
not only for a risk analysis concerning an individual com-

pound, but also for correlation studies between different types
of short-term genotoxicity tests and long-term carcinogenici-
ty tests for large sets of chemicals and for subsets of specific
chemical classes. This type of extended use of databases also
takes place in structure-activity relationship studies.

In this paper we consider the use of databases for quan-

titative correlation studies between carcinogenic potency and
genotoxic potency in a given short-term test. Because of their
log-normal distribution (1), we compare log of potencies. We
have also made an attempt to compare qualitative and quan-
titative studies.
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Past Quantitative Correlation Studies
For a reconstruction of the story of quantitative correlation

studies, which to our knowledge goes back to 1977 (2), we make
reference to a recent review article published by our group (3).
In this review article we discussed the problems related to the
computation ofgenotoxic and carcinogenic potencies. From the
point of view of the use of databases of genotoxicity and car-
cinogenicity in quantitative correlation studies, we can dis-
finguish the papers published before 1985 and the papers publish-
ed after 1985. Before 1985, for each published paper the authors
had generated their own database both for a given type of
genotoxicity and for carcinogenic potency.
Wehavepublished several quantitative correlation studies (4-8)

before 1985, and forthese studies we hadpreparedourown data-
baseofcarcinogenicpotencies (9). Inourdatabaseofcarcinogenic
potencies, the treatment of the data coming from the original
publications was substantially similar to the treatment ofdata in
thedatabaseofGoldandco-workers (1J-12). Themaindifference
between the Golddatabaseandourdatabasewas thatourdatabase
was an "ad hoc" database of 118 chemicals. These 118 chemicals
were only the chemicals that we had used in correlation studies
with short-term tests. After 1985, in quantitative correlation
studies ofourgroupand other authors, the investigators started to
use the database ofGold (10-12) for carcinogenic potencies.

In 1990 we started the using already existing databases also for
genotoxicity data. More specifically, we have used the database
ofWurgler and co-workers (13) for the qualitative component of
the information in genotoxicity tests and the database ofWaters
and co-workers (14) for the quantitative component ofthe infor-
mation, always in genotoxicity tests. A summary of the results
obtained in quantitative correlation studies by our group and
other authors is shown in Tables 1, 2, and 3.
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Tlble 1. Quantitative correlation between short-term test results and carcinogenic potency.

Correlation level with
carcinogenic potency

Short-term test No. of compounds tested (r values)b Year ofpublication Reference
Mutagenicity in Salmonellaa 10 0.94 1977 (2)
Mutagenicity in Salmonella 14 0.36 1977 (2)
Mutagenicity in Salmonella 88 0.39 1982 (6)
Mutagenicity in Salmonella 80 0.40 1988 (15)
Mutagenicity in Salmonella 28 0.44 1988 (16)

'Discarding four N-nitroso compounds.
br, parametric correlation coefficient.

Table 2. Quantitative correlation between short-term test results and carcinogenc potency.

Correlation level with
carcinogenic potency

Short-term test No. of compounds tested (r values)' Year of publication Reference
Autoradiographic DNA repair (liver cells in vitro) 25 0.36 1982 (5)
DNA adducts (mouse and rat liver in vitro) 37 0.42 1982 (6)
DNA alkaline elution (mouse and rat liver in vivo) 57 0.41 1982 (6)
Autoradiographic DNA repair (liver cells in vitro) 80 0.32 1986 (17)
DNA adducts (mouse and rat liver in vivo) 29 0.81 1986 (18)
DNA adducts (mouse and rat liver in vivo) 41 0.52 1990 (19)
DNA adducts (DNA + microsomes in vitro) 26 0.44 1990 (19)

ar, parametric correlation coefficient.

Table 3. Quantitative correlation between short-term test results and carcinogenic potency.

Correlation level with
carcinogenic potency

Short-term test No. of compounds tested (r values)a Year of publication Reference
Mutagenicity in L5178Y cells 25 0.85 1979 (20)
In vitro transformation (hamster embryo cells) 32 0.65 1983 (4)
Liver preneoplastic nodules (initiating agents) 19 0.43 1983 (7)
Liver preneoplastic nodules (promoting agents) 22 0.60 1983 (7)
Sister chromatid exchanges (mouse bone marrow 59 0.57 1984 (8)

in vivo)
ar, parametric correlation coefficient.

As shown in Table 1, for the test ofmutagenicity in Salmon-
ella (+ microsomes), the average correlation level is about 0.4
(substantially unchanged for more than 10 years). The first value
reported by Meselson and Russell (2) is artificially high because
four chemicals with a poor correlation were arbitrarily discard-
ed. In Table 2, the correlation with carcinogenic potency of dif-
ferent types of short-term tests related to DNA damage and
repair is shown. The average level of correlation is again around
0.4. The higher level reported by Lutz (18) is probably depen-
dent on two reasons: a) only genotoxic compounds were con-
sidered and b) genotoxicity and carcinogenicity were examined
always in the same species. In Table 3, a more heterogeneous
short-term tests are considered.

It is difficult to say ifthe correlation with carcinogenic potency
of some of these short-term tests is significantly better than the
correlation level found in the previous tests shown in Table 1 and
in Table 2. The high correlation level obtained by Clive (20) for
25 chemicals is probably dependent on the concomitance of
several factors: most ofthe compounds tested were potent geno-
toxic carcinogens; diethylstilbestrol and saccharin, which might
well be nongenotoxic carcinogens, showed a good correlation
between mutagenicity and carcinogenicity; and 4-acetyl-ami-
nofluorene, benzo[e]pyrene, and diphenylnitrosamine were
negative or questionable as carcinogens: a positive potency, well
correlated with mutagenicity, was partially arbitrarily given.

New Quantitative Correlation Studies
The data reported in Table 4 were recently obtained from an

intersection of the database of Waters (14) and the database of
Gold (10-12). Chromosomal aberrations and chromatid ex-
changes in vitro were investigated. We have not separated tests
with and without metabolic activation to avoid the generation of
sets of chemicals that are too small.
We have compared the two cytogenetic tests with the Sal-

monella test. The overall quantitative predictivity ofthe four in
vitro cytogenetic tests seems significantly better than the predic-
tivity of the Salmonella test.

This impression is confirmed by Table 5, in which we have
reported the performance of three different cytogenetic tests in
vivo. The data have been obtained from the same intersection
database (Waters + Gold) as in Table 4.
From Table 1 (obtained from the data of several authors) we

concluded an average predictivity for the Salmonella test around
0.4. In Tables 4 and 5 (and also for the sister chromatid exchange
data of Table 3), in eight different investigations ofthe predic-
tivity ofcytogenetic tests, we found that they perform better than
a correlation level around 0.4, typical ofthe Salmonella test. The
probability ofobtaining this kind of result by chance is 1/28=
0.004. Therefore we conclude that the cytogenetic tests are more
predictive ofcarcinogenic potency than the Salmonella test. The
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TIble 4. Quantitative correlation between logjp(LED) or [og(IUD)+ 1
for cytogenetic in vitn tests and logTD5. for carcinogenicity in rodents.

No. of chemicals
No. of chemicals (positive or

Test (positive only) r negative) r
CIC 28 O.59g 38 0.59t
SIC 30 0.76t 37 0.73t
CHL 17 0.9Ot 24 0.78t
SHL 19 0.90t 24 0.80t
SAL 54 0.33* 80 0.25

Abbreviations: r, parametric correlation coefficient; CIC, chromosomal aber-
rations, Chinese hamster cells; SIC, sister chronatid exchange, Chinese hamster
cells; CHL, chromosomal aberrations, human lymphocytes; SHL, sister
chromatid exchange, human lymphocytes; SAL, Salmonella typhimurium, all
strains, reverse mutation.
'According to the conservative hypothesis that a compound negative in the

test could still be positive with a potency 10 times lower than the threshold of
detectability.

*p < 0.01, one-tailed.
tp < 0.001.

Thble 5. Quantitative correlation between log,O(LED) or Plogj(HID)+ 11'
for cytogenetic in vivo tests and logID5, for carcinogenicity in rodents.

No. of chemicals
No. of chemicals (positive or

Test (positive only) r negative) r
CBA 13 0.44 30 0.61t
MVM 20 0.55* 39 0.69t
SVA 21 0.63* 29 0.64t

Abbreviations: r, parametric correlation coefficient; CBA, chromosomal aber-
rations, animal bone marrow cells; MVM, micronucleus test, mice; SVA, sister
chromatid exchange, animal cells.

'According to the conservative hypothesis that a compound negative in the
test could still be positive with a potency 10 times lower than the threshold of
detectability.

*p < 0.01, one-tailed.
tp < 0.001.

strength of this conclusion is tempered by the fiact that we should
verify that this better quantitative predictivity is also present
when exacdy the same chemicals are considered for the two types
of tests. Because of this dishomogeneity even the spread of the
X(short-term tests) and the Y(carcinogenicity) distribution is dif-
ferent for different couples ofparameters. These differences can
affect the correlation coefficient.

Ifwe look at a manual of statistics (21), adopting the symbol
usage of these authors, then syx2 is the estimated variance of the
random noise affecting the dependent variable (Y) in respect to
the regression line; the mean ofthis random noise is assumed to
be 0 with a normal distribution around the mean; this random
noise is assumed to have the same distribution all along the
regression line; Sy2 is the estimated global variance ofthe depen-
dent variable Y; sx2 is the estimated global variance of the in-
dependent variable X; b is the estimate ofthe slope ofthe regres-
sion line; and r is the estimate of the correlation coefficient.
Thus, we have (21):

SYX= (1-r2) (1)SY2sy r

b = r (Sy/Sx) (2)

and therefore, with a simple transformation:

+ b2 b2

sx2 r2
(3)

As shown from Eq. (1), when Sy2 is not much larger than syx,
the correlation is low. This ratio will be close to 1 when the cor-

relation with the independent variable is intrinsically poor.
On the other hand, as shown from Eq. (3), a sample with an

unusually small spread ofthe independent variable will also show
a poor correlation, all the other parameters remaining equal. Our
correlation coefficients relative to Salmonella do not display an
especially narrow spread ofthe independent variable (Fig. 1). We
conclude that this parameter is not relevant to the lower values
found for Salmonella in respect to the cytogenetic tests.

In our previous investigations on the predictivity ofshort-term
tests, we found large variations in predictivity for different
chemical classes. Usually, when data were disaggregated for
chemical class, the obtained subsets were too small. Still, we
have repeatedly obtained indications that dramatic variations in
predictivity can take place for different chemical classes
(1,4,6,1Z22). This point stresses the importance ofenlarging the
size ofthe available databases. Only databases 5 to 10 times larger
than the present databases could allow a reasonable analysis
disaggregating different chemical classes or different significant
molecular fragments. We would feel much more secure about the
relevance ofcytogenetic tests ifour sets ofdata were made not of
30 to 60 chemicals, but of hundreds of chemicals. If data gen-
erated by the industry could be included in the databases, the
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FIGURE 1. Spread of the X and Y variables. The numbers indicated in the
figure are correlation coefficients related to results reported in the tables. (a)
A result from Parodi et al. (8) for SVA; (b) a result from Parodi et al. (6) for
SAL. See also Tables 1 and 3. Abbreviations: CIC, chromosomal aberrations,
Chinese hamster ceils; SIC, sister chromatid exchange, Chinese hamster cells;
CHL, chronwsomal abemtions, human lymphocytes; SHL, sister chromatid
exchange, human lymphocytes; SAL, Salmonella typhimurium, all strains,
reverse mutation; CBA, chromosomal aberrations, animal bone marrow cells;
MVM, micronucleus test, mice; SVA, sister chromatid exchange, animal
cells.
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situation would improve significandy. Cytogenetic tests are often
used in biomonitoring. It is important to have a better idea about
the relevance of this type of biomonitoring.

Comparison between Quantitative and
Qualitative Correlation Studies

In a recent analysis (23), Rosenkranz and collaborators have
found a poor qualitative predictivity ofcarcinogenicity for sister
chromatid exchanges (SCEs) in Chinese hamster ovary (CHO)
cells. One hundred chemicals (65 carcinogens and 35 noncar-
cinogens) were examined in the framework ofthe National Tox-
icology Program (NTP) study. Sensitivity was 0.71 and specifici-
ty 0.31; 70.8% ofthe carcinogens were positive and 68.6% ofthe
noncarcinogens were also positive. A small improvement was
obtained if equivocal chemicals were considered carcinogens
(sensitivity = 0.72, specificity = 0.38).

In Tables 6 and 7, we have examined our short-term tests of
Tables 4 and 5 for their qualitative predictivity ofcarcinogenicity.
Even in the intersection database ofWaters and Gold, SCEs in
vitro (Chinese hamster cells [SIC] and human lymphocytes
[SHL]) have a low specificity, but the overall performance is a lit-
de bit better than the performance in the NTP database, which
is probably due to differences ofcontent between the two data-

Table6 Qualitative concordance between different in vitro short-term tests
and carcinogenicity.

Carcinogenicity
Test + - Total Sensitivity Specificity Accuracy
CIC + 28 14 42

- 10 8 18
Total 38 22 60 0.74 0.36 0.60

SIC + 30 16 46
- 7 10 17

Total 37 26 63 0.81 0.38 0.63
CHL + 17 14 31

- 7 7 14
Total 24 21 45 0.71 0.33 0.53

SHL + 19 12 31
- 5 9 14

Total 24 21 45 0.79 0.43 0.62
SAL + 54 28 82

- 25 47 72
Total 79 75 154 0.68 0.63 0.66

Abbreviations: CIC, chromosomal aberrations, Chinese hamster cells; SIC,
sister chromatid exchange, Chinese hamster cells; CHL, chromosomal aberra-
tions, human lymphocytes, SHL, sister chromatid exchange, human lym-
phocytes; SAL, Salmonella typhimurium, all strains, reverse mutation.

Table 7. Qualitadve concordance between different in vivo short-tern tests
and carcinogenicity.

Carcinogenicity
Test + - Total Sensitivity Specificity Accuracy
CBA + 13 12 25

- 16 4 20
Total 29 16 45 0.45 0.25 0.38

MVM + 20 11 31
- 18 10 28

Total 38 21 59 0.53 0.48 0.51
SVA + 21 4 25

- 8 7 15
Total 29 11 40 0.72 0.64 0.70

Abbreviations: CBA, chromosomal aberrations, animal bone marrow cells;
MVM, micronucleus test, mice; SVA, sister chromatid exchange animal cells.

TableS. Lack of correlation between qualitative and quantitative
parameters formaring predicvitvy.

Test r (Sensitivity + specificity)/2
CIC 0.59 0.55
SIC 0.73 0.60
CHL 0.78 0.52
SHL 0.80 0.61
SAL 0.25 0.66
CBA 0.61 0.35
MVM 0.69 0.51
SVA 0.64 0.68

Abbreviations: CIC, chromosomal aberrations, Chinese hamster cells; SIC,
sister chromatid exchange, Chinese hamster cells; CHL, chronosomal aberra-
tions, human lymphocytes; SHL, sister chromatid exchange, human lympho-
cytes; SAL, Salnonella typhimurium, all strains, reverse mutation; CBA,
chronsonml aberrations, animal bone marrow cells; MVM, micronucleus test,
mice; SVA, sister chromatid exchange, animal cells.

bases. What is perhaps more interesting is that, in the range of
qualitative and quantitative predictivities examined, there is ap-
parently no observable correlation between the two types of
predictivities (Table 8). Not only are r and [(sensitivity +
specificity)/2] not correlated, but r and sensitivity do not reach
a significant correlation (rank correlation analysis with the
Spearman test: r, = 0.43,p > 0.05, one tailed). One reason for
caution is that, for quantitative predictivity, the carcinogenici-
ty data of the database of Gold have not been submitted to the
same elaboration [usage of (logl0 LED) and loglo HID + 1)
values] as the genotoxicity data from the database ofWaters. For
the moment we have used only positive carcinogenicity data. For
us this lack ofconcordance between qualitative and quantitative
predictivity was largely unexpected, and we plan to investigate
in greater detail the relationship between the two types ofpredic-
tivity in the future.

Potency of Genotoxic and Nongeno-
toxic Carcinogens
Another example of using the databases of Gold (10-12) and

Wurgler (13) is presented in Figure 2. The database of Gold et
al. was used for computing the log10 ofcarcinogenic potencies.
The database of Wurgler was used as a source of qualitative
responses for a large set of genotoxicity tests. Our intersection
database was extended using 28 additional chemicals from the
NTP (all the chemicals that could satisfy our conditions). In our
study we defined as genotoxic those chemicals positive in at least
three short-term tests and at least 75% ofthe considered tests. We
defined chemicals negative in at least three short-term tests and
at least 75% of the considered tests as nongenotoxic.
We found 141 chemicals positive for carcinogenicity in small

rodents and at the same type genotoxic or nongenotoxic accor-
ding to the definition given above. In general, genotoxic car-
cinogens were much more potent than nongenotoxic ones;
however, the difference in potency varied significantly from
chemical class to chemical class.
For nitrosocompounds, azocompounds, alcohols and phenols,

miscellaneous compounds, and polycyclic aromatic hydrocar-
bons, we found that genotoxic carcinogens were about 20-100
times more potent than nongenotoxic ones. For aromatic and
heterocyclic amines and amides, nitrocompounds, esters and car-
bamates, and hydrazine derivatives, we found that genotoxic car-
cinogens were 3-13 times more potent than nongenotoxic ones.
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Chemical class
Nitrogen Mustards
Ni trosocompounds

PAlH
Hydrazine Der.v.

Miscellaneous comp. -_ ----------__-__
Alcohols & Phenols

Azocompounds
Halogenated Al iphat.

Ni trocompounds
Amines & Amides

Inorganic compounds
Esters & Carbamates
Halogenated Aromat. _

0 1 2 3 4 5
Logicarcinogenic Potency] -Log[TD501+3
=Genotoxic carc. =Non-genotoxic carc.

FIGURE 2. Carcinogenic potency of genotoxic and nongenotoxic chemicals.
PAH, polycyclic aromatic hydrocarbons. Amines and amides include
aromatics and heterocyclics. Extrapolated chronic dosage inducing a 50%
incidence of tumors.

Only for halogenated aliphatics were nongenotoxic carcinogens
slightly more potent than genotoxic carcinogens. In addition, in
our database, we had nine nitrogen mustards all genotoxic and
four halogenated aromatics all nongenotoxic. The detailed results
observed for the different chemical classes are shown in Figure 2.
We conclude that genotoxicity seems to contribute significant-

ly to carcinogenic potency. For some chemical classes this con-
tribution is especially strong; it is weaker for others. A genotoxic
carcinogen can have both genotoxic and epigenetic activities rele-
vant for carcinogenicity, whereas a nongenotoxic carcinogen can
have only epigenetic activities.
A qualitative observation in agreement with our quantitative

analysis has been reported by Gold et al. (24). These authors
have observed that "more toxic carcinogens are significantly
more likely to be mutagenic than less toxic carcinogen." In ad-
dition, going from a highest administered dose of less than 1
mg/kg/day to a highest administered dose of more than 1000
mg/kg/day, the fraction ofcarcinogens mutagenic in Salmonella
decreases regularly from 71-76 %, to 28-13% in mice and rats,
respectively (L.S. Gold, personal communication).

Conclusions
In this short review we have given some examples of using

databases for correlation studies and for the analysis of the car-
cinogenic potency of genotoxic and nongenotoxic carcinogens.
In our opinion, two improvements in the existing databases
would be most useful for the type of studies illustrated in this
report: a) larger databases would make the conclusions that have
been reached safer and more solid; b) better organization ofthe
data would make it easier to extract subsets ofdata needed for a
given type ofcorrelation study. Finally, we suggest that a network
of investigators interested in improving the existing databases
could be very useful, for accelerated progress in this important
field.
For the future, we hope that frequencies of induced mutations

and rearrangements in dominant and recessive proto-oncogenes
in different target organs after treatment with chemical agents,
will become available (a new type of database). The frequency
of these irreversible alterations in the genome are the true end
point to which short-term genotoxicity tests should be compared.

Tumor frequency is a complex function of stimulations of pro-
liferation, clonal expansions of preneoplastic cells, modulations
of differentiation, and, finally, multiple irreversible alterations
in the genome. Short-term tests of genotoxicity should be com-
pared only with this last variable. New, entirely different tests are
needed for assessing the other variables.

This research was supported by MURST (Progetto INTERLAB) and STEP
(EEC) project 1991. We are grateful to Gabriella Frigerio for her careful typing
of the manuscript.
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